has been made of subjects with rheumatic heart disease over this 16-year period. The present study examines the age and sex distribution and the tribal origins of subjects in whom endomyocardial fibrosis or rheumatic heart disease has been established at necropsy, attempts to assess the significance of tribal predominance in these conditions, and examines the possible significance of the concurrence of these two disorders in the same person. The pattems of cardiac pathology seen in rheumatic heart disease and in endomyocardial fibrosis are described, and comment is made on intracardiac thrombosis, embolic phenomena, and bacterial endocarditis.
SUBJECTS AND METHODS
The necropsy records of Mulago Hospital, Kampala, were studied for the years 1950-1965 and all cases in which a diagnosis of endomyocardial fibrosis or rheumatic heart disease had been clearly established were included in this study. Several cases in which endomyocardial fibrosis or rheumatic heart disease was of moderate degree occur in this series and no attempt has been made to include only advanced cases. However, isolated patches of endocardial thickening irregularly distributed over the ventricular surface were not accepted as evidence of endomyocardial fibrosis. These lesions are frequently seen in other cardiac disorders, e.g. idiopathic cardiomegaly (Hutt et al., 1965) . Death was usually but not always due to the presence of endomyocardial fibrosis or rheumatic heart disease. Three subjects diagnosed at necropsy as having endomyocardial necrosis have been included in this study, as they possibly represent the more acute lesions of endomyocardial fibrosis. The material comprises 356 African subjects, and information on tribal origin was available in all except 6, and an age assessment had been made in all except 5 subjects.
The Mulago Hospital register of deaths and necropsies for the years 1950-1965 was studied and an analysis made by tribe, age, and sex to establish the necropsy FIG. 1.-Map of Uganda: some of its provinces and neighbouring countries.
rates for these various groups. Data are not presented for stillbirths or for necropsies on subjects under 1 year of age, but medico-legal necropsies, which comprise about 15 per cent of all necropsies, are included. This analysis of deaths and necropsies by sex, age, and tribe was made for each year separately and a table drawn up for the whole 16-year period under review*. A summary of this analysis is given in Table I .
By reference to the observed figures for endomyocardial fibrosis (Table II) and rheumatic heart disease (Table III) , and the detailed table of necropsies from which the summary in Table I is derived, the expected number of deaths due to either ofthese causes in each sex and age category for each tribal group (if there were no difference in incidence between the tribal groups) can be calculated by simple proportion. For example, 746 necropsies were performed on men aged 15-24 years in the 1950-1965 period and 19 cases of endomyocardial fibrosis were observed. Since 243 necropsies among men in this age-group were from the Rwandan tribal group, the number of endomyocardial fibrosis cases expected for male Rwandans aged 15-24 years can be calculated as 243 x 19/746 = 6-2. A similar calculation for all other age, sex, and tribal groups leads to the figures presented in Tables II and III in which the observed distributions of necropsy cases of endomyocardial fibrosis and of rheumatic heart disease are compared with the expected distributions. AX2 (chi squared) test was carried out for men and women separately in both series in order to assess the significance of any differences between the observed and expected figures.
Concurrence. If endomyocardial fibrosis and rheumatic heart disease are two completely independent conditions, it is possible to calculate the number of occasions on which both should occur in the same subject, given the details of the necropsy population and the detailed incidence of each condition in this population. These expected concurrence rates have been calculated for both men and women for each agegroup in each of the main tribal groups, and the differences between the observed and expected figures subjected to a x2 test.
RESULTS
Endomyocardial Fibrosis (Table II) . Only 19 (11%) of the 172 cases of endomyocardial fibrosis The value of probability resulting from the x2 test carried out on the data in Table III 1950-1957 and 1958-1965 are compared, certain very striking changes are seen. We initially compared the necropsy rates for these two 8-year periods, and there was virtually no change seen in any group by tribe and sex, i.e. the necropsy rates as shown in Table I were seen in both of the two periods. In Table IV is shown the number of cases of both conditions by tribe and sex in these two 8-year periods. The most striking feature of the figures for endomyocardial fibrosis is the reversal of the sex ratio in the Ganda and Rwandan groups. In the figures for rheumatic heart disease there is a marked increase in the number of cases of rheumatic heart disease seen at necropsy, most strikingly evidenced in the Ganda subjects, both male and female, and in the female "Other" group.
Age Distribution of Endomyocardial Fibrosis and Rheumatic Heart Disease. From Table V it can be seen that both these conditions present over a very wide age range, and that the similarities in age and sex distribution in these necropsies are more striking than the differences.
In men, a similar proportion of both disorders are found in the under 15-year age-group. A slightly larger proportion of endomyocardial fibrosis cases present in the 15-34 year period compared with the rheumatic series, but the difference between these two proportions is not significant and the proportions are similar in the 35-54-year period. Significantly more rheumatic heart cases come to necropsy past 55 years of age, and the observed difference (13-2%) is 3*3 times its standard error. TO NECROPSY, 1950 Age-groups (yr.) Heart Weights in Endomyocardial Fibrosis and Rheumatic Heart Disease. The average heart weights in subjects with both conditions are shown in Table VI , and are compared with heart weights found at necropsy at Mulago Hospital in subjects with normal hearts (Coles and Davies, 1959) . All hearts weighed with the aortas are excluded as well as those hearts in which both disorders were concurrently present. The heart weights refer only to subjects aged 15 years or more in both series and to subjects aged 20 years or more in the routine necropsy series of Coles and Davies (1959) .
The findings in this study show that hearts with endomyocardial fibrosis tend to be on average some 80-110 g. heavier than normal hearts, while rheumatic heart disease hearts weigh about 150-180 g. more than normal hearts. The range, however, is wide and many hearts with either disorder fall within the normal range. No attempt has been made to correlate the type of heart lesion with the weight of the heart. Pattern of Pathology in Rheumatic Heart Disease. The mitral valve was involved in 188 cases (88-3%), with mitral stenosis in 100, i.e. 47 per cent of all those with rheumatic heart disease ( Table VII) Bacterial endocarditis occurred in 26 per cent of rheumatic heart disease cases, affecting 33 per cent of the male subjects and 14 per cent of the female subjects (Table VIII) . The observed difference (19%) is 3-4 times its standard error.
Ante-mortem atrial and/or ventricular intracardiac thrombi were present in 31 cases (14-6%), but in only 5 were ventricular thrombi present (2 3%). Cases with associated endomyocardial fibrosis were excluded from this analysis (Table IX) .
Embolic phenomena in the absence of bacterial endocarditis were present in 36 subjects with rheumatic heart disease, 4 of whom also had endomyocardial fibrosis. If these latter 4 cases are excluded, embolic phenomena occurred in 15 per cent of the rheumatic heart disease subjects. Eighteen of these 32 subjects had mitral stenosis.
Pattern of Pathology in Endomyocardial Fibrosis. The 172 hearts with endomyocardial fibrosis were separated into several descriptive groups based on the distribution of the lesions (Fig. 2) . Type 1. Apex only involved, extending for a variable distance along the inflow tract. Type 2. Lesion involving the apex and with extension along the ventricular wall to involve the mitral or tricuspid valve. In Table X , the pattem of combined right-and left-sided endomyocardial fibrosis is shown using the system described above, and in addition indicating (in brackets) which side of the heart was more involved, or whether both sides were equally involved. From the Table it Bacterial Endocarditis. Bacterial endocarditis was present in 10 of the 173 cases of endomyocardial fibrosis, but in 7 of these cases rheumatic heart disease was also present. In the 3 cases of bacterial endocarditis occurring in pure endomyocardial fibrosis the mitral valve was involved in one case and the left ventricular endocardium in 2 cases. In the 7 RHD + EMF cases with bacterial endocarditis the mitral valve was involved in 6 cases and the aortic valve in 1 case.
Ante-mortem atrial and/or ventricular intracardiac thrombi were present in 74 cases (43%) of endomyocardial fibrosis and involved the ventricles in 50 of these cases (29%). The left ventricle had intracardiac thrombi in 43 subjects and the right ventricle in 16 subjects (Table XI) .
Embolic phenomena in the absence of bacterial endocarditis were present in 36 cases, 9 of which had associated rheumatic heart disease. If these Concurrence of Endomyocardial Fibrosis and Rheumatic Heart Disease (Table XII) . Characteristic macroscopical lesions of both rheumatic heart disease and endomyocardial fibrosis were present in 26 hearts: 20 male and 6 female. We are aware of the problems inherent in retrospective studies of necropsy material, and in most cases under discussion the hearts had been fully described, often by several pathologists, and photographs were frequently available.
The number of occasions on which both conditions might be expected to occur in the same subject was calculated separately for both male and female subjects for each age-group in each of the main tribal groups. As the Ankole group had behaved in an intermediate way in the assessment of tribal predominance in both series they were included in "other tribes" for the purpose of this particular statistical evaluation. It was calculated that 2-2 cases of combined lesions were to be expected in the 6481 male necropsies and 2-5 cases in the 1828 female necropsies, in striking contrast to the 20 male and 6 female cases in which these two disorders were considered to be concurrently present.
Description of Cases showing Concurrence of Both Conditions
Group A: (7 cases). In this group advanced mitral stenosis was present without other valvular lesions of a rheumatic nature. In addition, there were characteristic lesions of endomyocardial fibrosis. In 3 cases the fibrosis was quite separate from the mitral valve lesion, obliterating the apex of the right ventricular cavity in all 3, and, in addition, involving the apex of the left ventricular cavity in 2.
In the other 4 there was typical rheumatic mitral stenosis, but in each case the posterior mitral cusp was also adherent to the ventricular wall, the chordae tendineae were short, thick, and often fibrosed, and disappeared into an area of endomyocardial fibrosis. In 2 of these 4 cases, there was left ventricular apical endomyocardial fibrosis in one case separate from the area on the posterior wall, and in the other it was continuous with the area behind the posterior mitral cusp. In addition, 2 of these 4 cases had severe endomyocardial fibrosis of the right ventricle.
Group B: (11 cases). In this group both the anterior and posterior cusps of the mitral valve were considered to be abnormal in a manner consistent with rheumatic fever, but there was no stenosis. In addition, there were lesions in the ventricular cavities characteristic of endomyocardial fibrosis, and the posterior cusp of the mitral valve was usually involved in a lesion suggestive of endomyocardial fibrosis.
In 9 cases the posterior mitral cusp, in addition to being thickened, irregular, and contracted in a rheumatic manner, was associated with thickened and sometimes fibrosed chordae tendineae and was adherent to the posterior ventricular wall. Here it fused with a patch of endomyocardial fibrosis of varying size. In 2 cases there were further but separate patches in the left ventricle but not at the apex and in 4 cases there was apical endomyocardial fibrosis-separated from the patch on the posterior wall in 3 cases and continuous with it in 1 case. In 7 cases there was fibrosis involving the right ventricular apex, 3 of a gross degree with distortion and 3 of less degree.
In 2 cases there was rheumatic mitral incompetence with involvement of both anterior and posterior cusps, but the posterior cusp was free and not affected in the manner described above. In both cases there was fibrosis of the left ventricular apex quite separate from the mitral lesion and the right ventricular apex was similarly affected.
Group C: (3 cases). In this group the mitral and aortic valves were both involved in an apparent rheumatic process, together with lesions of endomyocardial fibrosis.
In one subject with mitral stenosis there was welldefined fibrosis running from the posterior cusp to the posterior wall of the left ventricle and down to the apex. There were other patches within the left ventricular cavity and also a small patch near the right ventricular apex. All three valves of the aortic cusp were involved in an apparent rheumatic process, with small pale vegetations on the edges of two cusps and scarring of the third cusp. In the second case both mitral cusps were thickened, nodular, and almost cartilagenous, with slight narrowing of the mitral ring. The anterior leaflet was adherent to the ventricular wall by a mass of organizing material, and there was a patch of fibrosis at the apex of the cavity. The aortic valve was nodular, calcified, and incompetent. In the third case both the mitral and aortic valves showed thickening and calcification without gross distortion, and there was a sharply defined plaque of fibrosis on the wall of the right ventricular cavity.
Group D: (5 cases). In this group the aortic valve disease was the main site of rheumatic heart disease, together with lesions of endomyocardial fibrosis.
In all 5 cases there was endomyocardial fibrosis of the left ventricular apex, often of a gross degree, with extensive fibrosis and occasional calcification and overlying thrombus. Two of these cases showed, in addition, fibrosis of the left ventricular wall behind the posterior mitral cusp, tethering the papillary muscles and chordae, and one of these had additional patches in the right ventricle. In one case the tricuspid valve showed slight thickening of the free margins, and the chordae of the posterior cusp were adherent to each other and to the ventricular wall, with small patches of yellowishwhite thickening over the papillary muscles. Aortic stenosis was present only in 1 of these 5 cases associated with a large and dense fibrotic scar at the apex of the left ventricular cavity. DISCUSSION This paper is intended to provide information rather than to review the whole subject of endomyocardial fibrosis or rheumatic heart disease in a tropical area. The discussion will be brief and will merely indicate the possible significance of some of our observations.
In the previous study of the tribal origins of subjects coming to necropsy at Mulago Hospital over a 12-year period, it was evident that endomyocardial fibrosis particularly affected the immigrants to Buganda from Ruanda and Burundi (Shaper and Coles, 1965) . The condition occurred less frequently than expected among the local Ganda tribe. The present study over a 16-year period confirms the conspicuous preponderanceamong the Rwandans and the relative freedom from the disorder seen in the indigenous group. Endomyocardial fibrosis was present at the rate of 1 in every 147 necropsies in the Ganda subjects and in 1 in every 18 necropsies in the Rwandan subjects. The observed incidence of cases in the Ankole female group is in excess of the expected number, but the numbers involved are too small to do more than suggest an increased susceptibility in this group to endomyocardial fibrosis.
Rheumatic heart disease occurs even more frequently at necropsy than endomyocardial fibrosis, and appears to affect the Ganda group more than expected and the Rwandan group less than expected, though the level of statistical significance is not as high as in the endomyocardial fibrosis figures. In the Ganda subjects, rheumatic heart disease is present in 1 in every 25 necropsies; in the Rwandans in 1 in every 64 necropsies.
In the previous study, attention was drawn to the absence of endomyocardial fibrosis in subjects from the Toro group, the tribal group coming to necropsy most frequently after the Ganda, Rwanda, and Ankole groups, though endomyocardial fibrosis had been recorded in several other tribal groups coming to necropsy far less frequently. In the present 16-year study this remains true, and no case of endomyocardial fibrosis is recorded at necropsy in a subject belonging to the Toro group. On the other hand, 9 cases of rheumatic heart disease were observed at necropsy in people originating in Toro.
The migrant status of the people originating from Rwanda and Burundi, and the history of their pattern of movement into Buganda, has been fully described in our earlier publication. It must again be emphasized that, according to the 1959 Uganda Census, a considerable proportion of Rwandans living in Buganda claim to have been born in Buganda, and this is almost certainly true of many of those in the younger age-groups. We suggested in our earlier study that, whatever the initiating factor in endomyocardial fibrosis, a state ofincreased susceptibility was associated with poorsocioeconomic conditions such as is seen in the Rwandan, while a degree of protection was conferred on the Ganda by a dietary and social background which would however still be regarded as suboptimal by western standards. In an attempt to move the field of interest from nutritional factors to those concerned with infection and immunity, a hypothesis was later put forward that emphasized the previous immunological experiences in the immigrant community, in particular that resulting from parasitic infestation, such as malaria, and suggested that endomyocardial fibrosis might represent in the Rwandans an altered response to infection with haemolytic streptococci (Shaper, 1966) .
A comparison of the two 8-year periods at present under review (1950-1957 and 1958-1965) shows that there have been certain temporal changes in the incidence and sex ratios of both endomyocardial fibrosis and rheumatic heart disease (Table IV) . In the Rwanda group, the former constitutes 5-5 per cent of necropsies in both 8-year periods, but whereas in the first period there was a nearly similar sex ratio, by the second 8-year period, female subjects had more than double the incidence at necropsy. In the Ganda group the proportion of endomyocardial fibrosis at necropsy fell from 0*84 per cent to 0-61 per cent over the two 8-year periods, but with a similar appearance of a conspicuous female predominance in the second 8-year period. In rheumatic heart disease neither the Ganda nor the Rwanda groups showed any change in sex ratio over the years, but the proportion of rheumatic heart disease cases at necropsy rose from 2-7 to 4-8 per cent in the Ganda, and the Rwanda showed a slight increase from 1-3 to 2-0 per cent of necropsies.
In the majority of cases of both conditions presenting at necropsy, we are confronted with a chronic fibrotic lesion in the heart. As the age distribution at necropsy of these two conditions is similar, perhaps the least that can be concluded is that both have a similar natural history.
From these necropsy findings it appears that in recent years both endomyocardial fibrosis and rheumatic heart disease have shown an increasing prediliction for female subjects, and that in both disorders mortality rates are much higher in female subjects in the 1-14 age period than in the male. Clinical studies at Mulago Hospital have also indicated a female preponderance in endomyocardial fibrosis of 2:1 (D'Arbela, Kanyerezi, and Tulloch, 1966) , and in recent unselected necropsies the female sex has predominated (Connor, 1964) .
It is not intended to discuss in detail the pattern of pathology seen in the hearts with rheumatic disease. One point of interest is the greater frequency of mitral stenosis in female subjects with rheumatic heart disease than in men. The fact that twice as many female subjects with this lesion present at necropsy in the 1-14-year age-group, suggests that the intensity of rheumatic heart disease is greater in women, a concept supported by the smaller proportion of female rheumatic heart disease subjects surviving past 55 years of age.
In describing the pattern ofpathology encountered in endomyocardial fibrosis we have put forward a descriptive method (Fig. 2) Concurrence of Endomyocardial Fibrosis and Rheumatic Heart Disease. In this paper we have drawn attention to the striking degree of concurrence of rheumatic heart disease and endomyocardial fibrosis. In the review of the pathology of endomyocardial fibrosis in Uganda, Davies and Ball (1955) gave a very detailed description of 32 hearts and referred to mitral stenosis in 2 cases, one of which also has a scarred and thickened aortic valve. They mentioned that anterior cusp involvement was -less frequent and less severe than posterior cusp involvement, and it is this latter lesion that is stressed by all observers. It might, however, be of some value to draw attention to the fact that isolated lesions of the posterior (mural) cusp of the mitral valve are not pathognomonic of endomyocardial fibrosis. From a study of 240 cases with rheumatic mitral valve disease, Nixon, Wooler and Radigan (1959) described 29 with unusual auscultatory findings, 11 of which at operation had a relatively healthy anterior cusp but a diseased posterior cusp. Connor (1964) in a prospective necropsy study of gross unexplained endocardial lesions at Mulago Hospital, reviewed 17 cases over a 20-month period, and excluded 3 because of the presence of associated rheumatic heart disease.
The various possibilities that arise from the high degree of concurrence of endomyocardial fibrosis and rheumatic heart disease have been discussed in detail elsewhere (Shaper, 1966 (Shaper, ,1967 
